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Photoelectrochemical  Fabrication  of  Gratings  in  SiC 
M.M.  Canabba,  J.  Li,  J.P.  Hachey,  and  R.D.  Rauh 
EIC  Laboratories,  Inc.,  1 1 1  Downey  Street,  Norwood,  MA  02062 
Y.  Wang 

Depamnent  of  Materials  Science  and  Engineering 
North  Carolina  State  University,  Raleigh,  NC  2769S 

Introduction  -  There  has  been  considerable  recent  interest  in  pho- 
toelectrochetnical  etching  as  a  rapid  and  economical  method  for 
fabricating  diffraction  gratings  in  semiconductor  materials.  Most  of 
this  work  has  been  d^ted  toward  QI-V  semiconductors,  since 
photoanodic  dissolution  occurs  smoothly  in  a  variety  of  electrolytes 
due  to  the  high  degree  of  solubility  of  the  oxidation  products.  SiC  is 
a  semiconductor  of  considerable  significance  as  a  substrate  for 
gratings  in  the  vacuum  ultraviolet  and  X-ray  spectral  regions,  due  to 
its  high  reflectance.  Additionally,  it  has  a  high  degree  of  stability 
against  thermal  deformation  and  radiation  damage,  making  it  an 
excellent  candidate  for  use  with  high  intensity  radiation  associated 
with  high  power  lasers  and  symhrotron  light  sources.  It  is  difficult 
to  rule  gratings  into  SiCdue  toits  extreme  hardness,  although  gratings 
have  bMn  produced  by  ion  etching  usit»  a  photoresist  mask.  Optical 
blanks  are  most  comrnonly  made  nom  (^T)  SiC.  However,  epitaxial 
SiC  on  Si  is  being  reported  in  sizes  suitable  for  optical  and  electro- 
optical  components. 

There  have  been  only  a  few  reports  of  photoanodic  dissolution  of 
n-SiC.  The  setniconduaor  is  generally  regarded  as  being  anodically 
unstable  in  aqueous  solution.  Gleria  and  Memming  ( 1  ]  and  Morisald 
ct  al.  [2],  using  single  crystals  of  the  6H  crystallographic  modiflca- 
tion.  have  indicated  that  the  anodic  process  is  accornpanied  by  the 
formation  of  a  passivating  Si02  layer  in  electrolytes  based  on  H2SO4 
or  NaOH,  while  passing  reference  was  made  to  higher  photocunents 
arid  less  passivation  in  aqueous  HF  electrolytes.  Brander  and 
Boughey  [3]  have  described  the  anodic  (dark)  etching  of  both  n  and 
p-SiC  6H  single  crystals  in  HF electrolytes  of  various  strengths.  They 
observed  electrt^lishing  in  2-SN  HF  solutions  at  current  densities 
to  10  A/cm^  in  a  process  that  consumed  approximately  8  equiv- 
nisAnole. 

Experin^tal  -  Epitaxial  SiC  on  Si  were  prepared  at  North  Carolina 
State  University  aM  NASA-Lewis  by  previously  described  methods 
[4][S].  The  epitaxial  layers  were  4-6  ptn  thick  jnedominantly  P  SiC. 
and  the  doping  levels  were  ^rproximately  I  x  10'Vcm\  CVD  SiC 
was  obtain^  from  CVD  Cotp.,  Woburn,  MA,  and  was  predominantly 
the  6H  (hexagonal)  form.  The  material  was  not  intentionally  doped, 
but  was  weakly  n-type. 

The  SiC  electrodes  were  first  washed  and  degreased  iu  acetone,  then 
methanol.  An  ohmic  contact  was  made  by  tubbing  with  Ga-In 
eutectic.  Epitaxial  SiC  had  to  be  contacted  on  the  top  s^ace  in  order 
to  get  phoim  limiied  photocunents.  The  contact  was  shielded  from 
the  electrolyte  using  ^oxytesin.  The  CVD  sulntrates  were  contacttd 
on  the  back  side  a^  mounted  in  electrode  holders  that  also  served 
asapotdngdeviceforptduhing.  The  electrode  surface  was  Up^ 
and  polished  to  a  mmor  finish  with  diaioond  pastes  of  decreasing 
grit  size  dosvn  to  0.1  fim. 

Electrochemical  measaenieiits  wen  made  with  a  potentiostat  and 
fonctioa  genentor,  a  siandaidcalomel  (SCE)  refennce  electrode  and 
a  Pt  gauze  mdindrical  counter  electrode  sutrounding  the  SiC  working 
eiecoode.  The  Eght  source  sras  a  lOOW  Xe  arc  lamp.  A  moao- 
chrometer  and  a  |«ase  sensitive  detection  were  eo^k^ed  to  deter¬ 
mine  the  wavelength  depended  of  photocumnt,  which  was 
corrected  for  variation  in  source  intensity. 

and  DiseiMsion  -  Cunent-yoluge  curves  were  recorded  for 
epitaxial  and  CVD  SiC  electrodes  in  the  dark  and  under  broadband 
illumination.  The  epitaxial  material  showed  photon-limiring  pho- 
tocunents  with  negligible  dark  current  (<10  uA/cm’  at  1.2V).  The 
CV  D  electrodes  displayed  dark  current  on  the  order  of  0.1  to  0.3 
mA/cm’  at  I.2V,  and  phoiocurrent  that  increased  exponentially  with 
applied  voluge.  The  dependence  of  photocurrent  on  wavelength  is 
compared  for  the  two  types  of  electrodes  in  Figure  1.  The  onset  at 
320  nm  is  probably  indicative  of  the  presence  trf  cubic  ^SiC  which 
has  an  indirect  bandgap  at  2.2  eV  (364  nm)  [6].  The  lack  of  te^nse 
at  longer  wavelengths  for  the  epitaxial  SiC  shows  that  absorption  by 
the  Si  mbstrate  is  not  contributing  to  the  photocurrent  Even  on  a 
normalized  scale,  the  CVD  electrode  response  curve  is  shifted  to 


higher  energies,  possibly  indicating  the  presence  of  higher  bandgap 
hexagonal  6H  SiC  components.  Houever,  the  high  dark  currents  and 
lack  of  photon-limiting  currents  in  CVD  SiC  suggests  that  the  space 
charge  region  is  poorly  developed  and  the  Fermi  level  is  pinned  near 
the  conduction  band.  This  would  result  in  a  low  efficiency  of  sep¬ 
aration  of  electron-hole  pairs  produced  at  longer  wavelengths  in  the 
SiC  bulk. 

Several  electrolytes  were  examined  for  their  ability  to  sustain  pho¬ 
toanodic  dissolution  of  SiC  without  passivation  of  the  electrode 
surface.  In  these  experiments,  the  electrode  was  biased  at  1 .2  V  (SCE) 
and  the  dark  current,  then  photocurrent  monitored  under  illumination 
of  3  W/cm  from  a  focused  Xe  source.  High  intensities  could  be  used 
to  increase  the  ratio  of  photocunent  over  dark  current  in  the  (2VD 
material  to  greater  than  50:1  at  >1V.  Photocunents  of  >2  mA/cm’ 
could  te  sustained  for  at  least  an  hour  without  significant  decreases 
for  acidic  electrolytes  containing  fluoride  (e.g.,  1-3M  HF  and 
O.l-l.OM  ammonium  bifluotide),  and  in  O.SM  ethykne  diami- 
ne/O.lM  KQ.  Neutral  electrolytes  (e.g.,  IM  KQ)  showed  rapid 
passivation.  Scanning  electron  micrographs  of  a  n-SiC  si^ace 
photoelectrochemically  etched  in  aqueous  electrolytes  revealed  the 
evolution  of  a  porous  layer,  probably  SiOj,  coating  a  smoother  etched 
underlayer.  This  indicates  that  'passivation”  really  signifies  the 
electrolyte  permeability  of  undissolvol  reaction  products. 

Preliminary  experiments  were  carried  out  to  etch  a  lithographically 
defined  grating  structure  in  both  epitaxial  and  CVD  SiC  materials. 
The  SiC  substrates  were  cleaned  and  pretreated  with  a  photoresist 
adhesion  pronviter.  Substrates  were  then  min  coated  with  Shipley 
1400-31  positive  photoresist  and  processed  according  to  the  man¬ 
ufacturer  s  instructions.  Grating  patterns  were  generated  with  a 
cyclic  mask  having  a  periodicity  of  100  cycles/hnm  and  a  line/space 
ratio  of  I.  The  patterned  electrodes  showed  few  defects  when 
examined  under  a  metallurgical  microscope. 

Photoelectrochenucal  etching  of  the  pattern^  electrodes  was  carried 
out  in  the  nonpassivating  electrolytes  determined  previously.  Etching 
of  the  structures  was  typically  conducted  at  IV  vs.  SC3E  using  the 
hi^  intensity  source,  resulting  in  photocurrents  of  2  to  4  mA/cm’. 
The  major  limitation  in  all  experiments  was  the  eventual  delamination 
of  the  photimsist.  Nevertheless,  etched  periodic  structures  approx- 
irnately  1  micron  deep  were  obtained,  shown  in  pixjiographs  in 
Figure  2.  ^  underlying  irregular  morphology  is  noticeable  in  the 
(TVD  material,  possibly  delineating  polyoystalline  grain  boundwies. 

A  rough  microstnicture  at  the  0.1  toOj  |tm  level  was  observed  for 
all  etched  gratings  related  to  local  variations  in  the  dissolution  and 
porosity  of  SiC  oxidation  products. 

In  conclusion,  these  experiments  clearly  demonstrate  the  feasibility 
of  photoelectrochemical  etching  of  deep  microstnictures  in  n-SiC. 
Although  no  attempt  was  made  to  optimize  the  process,  it  seems  that 
a  judicious  choice  of  masking  materials  and  electrolytes  will  be 
necessary  to  enhance  the  uninzmity  and  smoo^ness  of  the  final 
structure.  In  addition,  maskless  etching  by  projection  of  images 
nich  as  interferograms  should  be  possible.  Epitaxial  SiC  appean 
ideal  for  leplicatioa  of  interferograms  because  of  the  low  light 
intensities  involved  and  hence  the  requirement  for  very  low  dark 
current 

AdUMmMgnneBt-This  work  was  supported  Iw  the  Office  ofNaval 
Research  and  by  NASA  The  authon  srould  auo  like  to  thank  Dr. 
Tony  Powell  of  NASA-Lewis  Research  Oenier  for  generously 
suppling  some  of  the  qiitaxial  SiC 
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Fig.  1.  The  photocurrent  vs.  wavelength  re-  Fig.  2.  Scanning  electron  micrographs  (SOX)  of 
sponse  curves  for  CVO  (bottom)  and  EPI  (top).  grating  structures  photoelectrochemical ly  etched 
The  photoetchant  was  HF.  in  CVD  (top)  and  EPI  (bottom)  SiC. 
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